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DESCRIPTION 
DISTRIBUTION APPARATUS AND METHOD FOR 
DETACHING DISTRIBUTION TIP IN DISTRIBUTION APPARATUS 

5 FIELD OF THE INVENTION 

The present invention relates to a distribution apparatus used for 
distributing a liquid sample in the field of biochemistry and the like, and to a 
method for detaching distribution tip in the distribution apparatus. 

10 BACKGROUND OF THE INVENTION 

In a test or analysis executed in the field of biochemistry and the like, a 
liquid such as test substance or reagent is distributed for subdivision onto a 
micro-plate that is a sample container. The distributing is executed by 
sucking and discharging the liquid by nozzles, and disposable distribution tips 

15 are usually installed as the nozzles. 

The distribution tips are replaced each time the kind of the liquid to be 
distributed is changed, and the distribution tips are very frequently replaced 
during the test operation. Conventionally, the replacement is often manually 
performed, pulling out the distribution tips by hand. Also, as in the case of a 

20 distribution apparatus disclosed in Japanese Laid-open Patent Hll-14631, a 
distributing head itself is furnished with a chip removing mechanism. 
However, when the replacement is performed by hand, it puts a great deal of 
labor on the operator because the work is very frequently performed, and in 
the case of providing the distributing head with a chip removing mechanism, 

25 there arises a problem such that the distributing head becomes increased in 
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size and very complicated, causing hindrance to the realization of a compact 
distribution apparatus. 

SUMMARY OF THE INVENTION 
5 A distribution apparatus which sucks in a liquid by distribution tips 

detachably fitted to the bottom ends of nozzles disposed on a distributing head 
and discharges the liquid into a container, comprising: 

a detaching plate having a stopping portion and provided with openings 
being larger in diameter than outer diameter of the nozzle and smaller in 
10 diameter than outer diameter of the distribution tip which are disposed in 
accordance with the arrangement of the nozzles; 

a holding means which serves to make the distributing head hold the 
detaching plate with the nozzles set through the openings; 

a tip detaching stage provided with a stop member having a stop portion 
15 to stop the stopping portion; and 

a distribution tip detaching means for detaching the distribution tips 
from the nozzles by means of the detaching plate by moving the stop member 
and the distributing head relatively in a direction of vertically moving apart 
with the stopping portion stopped by the stop portion. 
20 A method for detaching distribution tips in a distribution apparatus, 

which is a method for detaching distribution tips in a distribution 
apparatus wherein distribution tips fitted in nozzles are detached from the 
nozzles in a distribution apparatus which sucks in a liquid by distribution tips 
detachably fitted to the bottom ends of the nozzles disposed on a distributing 
25 head, 



wherein a detaching plate provided with openings being larger in 
diameter than outer diameter of the nozzle and smaller in diameter than outer 
diameter of the distribution tip which are disposed in accordance with the 
arrangement of the nozzles is held to the distributing head with the nozzles set 
5 through the openings, and with the stopping portion of the detaching plate 
stopped by the stop portion of a stop member disposed at the tip detaching 
stage, the distributing head and the stop member are relatively moved in a 
direction of vertically moving apart, and thereby, the distribution tips are 
detached from the bottom ends of the nozzles. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of a distribution apparatus in the exemplary 
embodiment 1 of the present invention. 

Fig. 2 is a partly perspective view of the distribution apparatus in the 
15 exemplary embodiment 1 of the present invention. 

Fig. 3 is a partly perspective view of a distributing head of the 
distribution apparatus in the exemplary embodiment 1 of the present 
invention. 

Fig. 4 is a sectional view of the distributing head of the distribution 
20 apparatus in the exemplary embodiment 1 of the present invention. 

Fig. 5 is a block diagram showing the configuration of a control system of 
the distribution apparatus in the exemplary embodiment 1 of the present 
invention. 

Fig. 6 is a functional block diagram showing the distribution tip 
25 detaching function of the distribution apparatus in the exemplary embodiment 
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1 of the present invention. 

Fig. 7 is an explanatory diagram of the distribution tip detaching 
operation in the exemplary embodiment 1 of the present invention. 

Fig. 8 is an explanatory diagram of the distribution tip detaching 
5 operation in the exemplary embodiment 1 of the present invention. 

Fig. 9 is an explanatory diagram of the distribution tip detaching 
operation in the exemplary embodiment 1 of the present invention. 

Fig. 10 is an explanatory diagram of the distribution tip detaching 
operation in the exemplary embodiment 1 of the present invention. 
10 Fig. 11 is a partly sectional view of a distributing head and tip detaching 

stage of a distribution apparatus in the exemplary embodiment 2 of the 
present invention. 

Fig. 12 is a block diagram showing the configuration of a control system 
of the distribution apparatus in the exemplary embodiment 2 of the present 
15 invention. 

Fig. 13 is a functional block diagram showing the distribution tip 
detaching function of the distribution apparatus in the exemplary embodiment 

2 of the present invention. 

Fig. 14 is an explanatory diagram of the distribution tip detaching 
20 operation in the exemplary embodiment 2 of the present invention. 

Fig. 15 is an explanatory diagram of the distribution tip detaching 
operation in the exemplary embodiment 2 of the present invention. 



DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 
25 The present invention is intended to provide a distribution apparatus and 



t « 

5 

a method for detaching distribution tips wherein the distribution tips can be 
automatically detached by a simple mechanism. 
(Exemplary Embodiment 1) 

Fig. 1 is a perspective view of a distribution apparatus in the exemplary 
5 embodiment 1 of the present invention. Fig. 2 is a partly perspective view of 
the distribution apparatus in the exemplary embodiment 1 of the present 
invention. Fig. 3 is a partly perspective view of a distributing head of the 
distribution apparatus in the exemplary embodiment 1 of the present 
invention. Fig. 4 is a sectional view of the distributing head of the distribution 

10 apparatus in the exemplary embodiment 1 of the present invention. Fig. 5 is a 
block diagram showing the configuration of a control system of the distribution 
apparatus in the exemplary embodiment 1 of the present invention. Fig. 6 is a 
functional block diagram showing the distribution tip detaching function of the 
distribution apparatus in the exemplary embodiment 1 of the present 

15 invention. Fig. 6, Fig. 7, Fig. 8, Fig. 9 and Fig. 10 are the explanatory 
diagrams of the distribution tip detaching operation in the exemplary 
embodiment 1 of the present invention. 

Firstly, the whole structure of the distribution apparatus is described 
with reference to Fig. 1. In Fig. 1, the top surface of base 1 is distributing area 

20 la where the distributing operation is performed. Distributing head 10 is 
horizontally movably arranged above the distributing area la by means of 
distributing head X shaft 11 and distributing head Y shaft 12. In the 
distributing area la, there are provided tip attaching stage 2, tip detaching 
stage 3, cooling stage 4, and plate mounting stage 5. As the distributing head 

25 10 moves on each of the stages, distribution tips 7 detachably fitted to the 



bottom ends of nozzles 18 (see Fig. 3, Fig. 4, Fig. 8, Fig. 9) suck in the liquid 
and discharge it into a container, thereby executing the distributing operation. 

Tip rack 6 for storing unused distribution tips 7 is mounted on the tip 
attaching stage 2. With the distributing head 10 moved to above the tip 
5 attaching stage 2, up-and-down moving section 10a (see Fig. 2, Fig, 4) is 
operated, and thereby, new distribution tips 7 are attached to nozzles 18 
disposed at the bottom end of the up-and-down moving section 10a. 

The tip detaching stage 3 is a stage for detaching the distribution tips 7 
attached to the distributing head 10 from the distributing head 10. As shown 

10 in Fig. 2, the distributing head 10 with used distribution tips 7 attached 
thereto is moved to above the tip detaching stage 3, where the distributing 
head 10 is operated to execute the specified tip detaching operation, and 
thereby, the distribution tips 7 are detached from the distributing head 10 and 
collected into ejection port 3a. 

15 The cooling stage 4 is a stage for mounting reservoir tank 8 containing 

the liquid to be distributed, which is provided with cooling function to keep the 
liquid at a predetermined temperature during the distributing operation. The 
distributing head 10 with distribution tips 7 attached thereto is moved to 
above the cooling stage 4, then the up-and-down moving section 10a of the 

20 distributing head 10 is moved down to insert the distribution tips 7 into the 
reservoir tank 8 and to suck up the liquid, and thereby, the distribution tips 7 
are able to such in the predetermined amount of the liquid. 

The plate mounting stage 5 is a stage for mounting micro-titer plate 9 
that is a container into which the liquid is distributed. The distributing head 

25 10 with the liquid sucked in by the distribution tips 7 at the cooling stage 4 is 
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lowered against the micro-titer plate 9 subjected to distributing which is 
disposed at the plate mounting stage 5, then the chemical solution is 
discharged from the distribution tips 7, and thereby, the liquid is distributed 
into each well of the micro-titer plate 9. 
5 Above the distributing area la is arranged transfer arm 13. The transfer 

arm 13 is furnished with two clamp claws 14 which clamp the object to be 
transferred, holding it from both sides, such as the tip rack 6, reservoir tank 8, 
and micro-titer plate 9. The clamp claw 14 is driven by clamp drive 
mechanism 13a. 

10 The transfer arm 13 can be horizontally moved by transfer arm X shaft 

17A, 17B, and transfer arm Y shaft 16. Further, the transfer arm 13 can be 
vertically moved and axially rotated in the 0 direction by transfer arm Z0 shaft 
15. Thus, in the above distributing operation, the tip rack 6, reservoir tank 8 
and micro-titer plate 9 can be automatically brought and taken with respect to 

15 each stage in the distributing area la and moved within the distributing area 
la. 

Next, the structure of the distributing head 10 and the operation for 
attaching and detaching the distribution tips 7 to and from the distributing 
head 10 will be described with reference to Fig. 2, Fig. 3 and Fig. 4. As shown 

20 in Fig. 4, the distributing head 10 is internally furnished with the up-and- 
down moving section 10a which is moved up and down by distributing head Z 
shaft 22. The distributing head Z shaft 22 is configured in that belt 28 is set 
over pulleys 27A, 27B respectively connected with the output shaft of motor 26 
and feed screw 25. When the motor 26 is driven, the up-and-down moving 

25 section 10a moves up and down along guide shaft 24. 



At the bottom end of the up-and-down moving section 10a, there are 
provided nozzles 18 extending downwardly in lattice-work arrangement. Each 
of the nozzles 18 is detachably fitted with distribution tip 7. The up-and-down 
moving section 10a is internally furnished with a piston drive mechanism (not 
5 shown) for liquid suction and discharge, and by driving the piston drive 
mechanism, it is possible to suck up the liquid into the distribution tips 7 
fitted in the nozzles 18 and to discharge the sucked-up liquid. 

The distribution tips 7 are attached to the nozzles 18 with detaching 
plate 20 disposed between the bottom face of the up-and-down moving section 

10 10a and the distribution tips 7 as shown in Fig. 2 and Fig. 4. As shown in Fig. 
3, the detaching plate 20 is provided with openings 20a being larger in 
diameter than outer diameter of the nozzle 18 in accordance with the 
arrangement of the nozzles 18, and the nozzles 18 can be set through the 
openings 20a. The detaching plate 20 is made from magnetic plate material 

15 such as steel and is held to the bottom face of the up-and-down moving section 
10a by means of magnet 19 installed in the up-and-down moving section 10a. 
The magnet 19 is a holding means which makes the distributing head 10 hold 
the detaching plate 20 with the nozzles 18 set through the openings 20a. As a 
holding means, besides the method of using the magnetic force of magnet, it is 

20 also preferable to use a mechanical holding means which holds the detaching 
plate 20 with a mechanical force. 

The size of the opening 20a is smaller in diameter than outer diameter of 
the distribution tip 7, and with the distribution tips 7 fitted in the nozzles 18, 
the detaching plate 20 is moved off from the bottom of the up-and-down 

25 moving section 10a, and thereby, the distribution tips 7 can be forcibly 
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separated by the detaching plate 20 from the nozzles 18. To separate the 
detaching plate 20 from the up-and-down moving section 10a, the stopping 
portions 20b extended sideways from two opposing sides of the detaching plate 
20 are stopped by the stop portion described in the following. 
5 As shown in Fig. 2 and Fig. 4, the tip detaching stage 3 is provided with 

ejection port 3a being rectangular in shape for collecting used tips, and stop 
members 21 are erected at the edges of two opposing sides of the ejection port 
3a. The stop member 21 is provided with fitting portion 21a formed by 
partially cutting the stop member 21 in accordance with the position of the 

10 stopping portion 20b of the detaching plate 20. The fitting portion 21a has a 
hooked shape with stop portion 21b which stops thereunder the stopping 
portion 20b fitted into the fitting portion 21a. That is, the tip detaching stage 
3 is provided with the stop member 21 having stop portion 21b which stops the 
stopping portion 20b of the detaching plate 20. 

15 The configuration of a control system of the distribution apparatus is 

described in the following with reference to Fig. 5. In Fig. 5, control section 30 
serves to control the functional elements of the moving mechanism of the 
distributing head 10, that is, each element of distributing head X shaft 11, 
distributing head Y shaft 12, distributing head Z shaft 22, and piston drive 

20 shaft 23. Also, the control section 30 serves to control the functional elements 
of transfer arm 13, that is, each element of transfer arm X shaft 17A, 17B, 
transfer arm Y shaft 16, transfer arm Z shaft 15Z, transfer arm G shaft 159, 
and clamp drive mechanism 13a. 

Next, the distribution tip detaching function of the distributing head 10 

25 and the method of detaching the distribution tips by using the function will be 
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described with reference to the function block diagram of Fig. 6, and Fig. 7 to 
Fig. 10. The distribution tip detaching function is such a function that the 
distribution tips 7 already used at the tip detaching stage 3 are automatically 
detached from the nozzles 18 after completion of a series of distributing 
5 operations executed by the distributing head 10. 

As shown in Fig. 6, the distribution tip detaching function is executed as 
the distributing head X shaft 11, distributing head Y shaft 12 and distributing 
head Z shaft 22 are controlled by the control section 30. Three operations such 
as fitting operation, detaching operation, and releasing operation included in 

10 the distribution tip detaching operation are respectively executed by fitting 
operation processor 32, detaching operation processor 33, and releasing 
operation processor 31. 

First, the fitting operation executed as the distributing head X shaft 11, 
distributing head Y shaft 12, and distributing head Z shaft 22 are controlled 

15 by the fitting operation processor 32 will be described with reference to Fig. 7. 
In Fig. 7, the distributing head 10 is moved to the tip detaching stage 3, and 
the stopping portion 20b of the detaching plate 20 is fitted in the fitting 
portion 21a of the stop member 21. In this fitting operation, the stopping 
portion 20b is first moved to above the opening end of the fitting portion 21a 

20 by means of the distributing head X shaft 11 and distributing head Y shaft 12, 
and subsequently, the stopping portion 20b is lowered into the fitting portion 
21a (arrow "a") by means of the distributing head Z shaft 22. After that, the 
distributing head 10 is moved by the distributing head X shaft 11 in the X 
direction, and the stopping portion 20b is moved to underneath the stop 

25 portion 21b (arrow "b"). In this way, the stopping portion 20b is fitted in the 
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fitting portion 21a. 

Next, the detaching operation executed as the distributing head Z shaft 
22 is controlled by the detaching operation processor 33 will be described with 
reference to Fig. 8. In Fig. 8, the up-and-down moving section 10a is moved up 
5 (arrow "c") by the distributing head Z shaft 22 from the fitted state shown in 
Fig. 7. When the up-and-down moving section 10a is moved up, it tends to 
move up the distribution tips 7 fitted in the nozzles 18 and the detaching plate 
20 together, but the detaching plate 20 is prevented from moving up because 
the stopping portion 20b is stopped by the stop portion 21b. Also, the 

10 distribution tip 7 is unable to move up because it is larger in outer diameter 
than the size of the opening 20a. 

Accordingly, in the upward movement of the up-and-down moving section 
10a in the above detaching operation, only the nozzle 18 moves up. And the 
detaching plate 20 is released from a state of being held by the magnet 19 and 

15 remains being held by the stop member 21, while the distribution tip 7 moves 
off from the bottom end of the nozzle 18 and drops into the ejection port 3a. In 
the above configuration, the distributing head Z shaft 22 serves as a 
distributing head moving means which moves the distributing head 10 
relatively against the tip detaching stage 3. And the distributing head moving 

20 means serves as a distribution tip detaching means for detaching the 
distribution tip 7 from the nozzle 18 by means of the detaching plate 20, which 
moves the stop member 21 and the distributing head 10 relatively in a 
direction of vertically moving apart with the stopping portion 20b stopped by 
the stop portion 21b. 

25 That is, in the above distribution apparatus, the distribution tip 
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detaching method is such that the detaching plate 20 provided with the 
openings 20a beving larger in diameter than outer diameter of the nozzle 18 
and smaller in diameter than outer diameter of the distribution tip 7 which 
are disposed in accordance with the arrangement of the nozzles 18 is held to 
5 the distributing head 10 with the nozzles 18 set through the openings 20a. 
And in the tip detaching operation, while the stopping portion 20b disposed at 
the detaching plate 20 is stopped by the stop portion 21b of the stop member 
21 disposed at the tip detaching stage 3, the distributing head 10 is moved up 
against the tip detaching stage 3. In this way, the distributing head 10 and 

10 the stop member 21 are relatively moved in a direction of vertically moving 
apart, and the distribution tip 7 is detached by the detaching plate 20 from the 
bottom end of the nozzle 18. 

Next, the releasing operation executed as the distributing head X shaft 11, 
distributing head Y shaft 12, and distributing head Z shaft 22 are controlled 

15 by the releasing operation processor 31 will be described with reference to Fig. 
9 and Fig. 10. In Fig. 9, the up-and-down moving section 10a is moved down, 
from the detached state of the distribution tips 7 shown in Fig. 8, to set the 
nozzles 18 through the openings 20a, and the detaching plate 20 is again held 
to the bottom end of the up-and-down section 10a by means of the magnet 19. 

20 After that, the releasing operation shown in Fig. 10 is performed. First, 

the distributing head 10 is moved by the distributing head X shaft 11 in the X 
direction (arrow "d"), and the stopping portion 20b is detached from 
underneath the stop portion 21b. Subsequently, the up-and-down moving 
section 10a is moved up (arrow "e") by the distributing head Z shaft 22, then 

25 the stopping portion 20b is released from the stop portion 21a. In this way, 
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the detaching plate 20 is released, and then, distribution tips 7 can be newly 
attached to the distributing head 10. 
(Exemplary Embodiment 2) 

Fig. 11 is a partly sectional view of a distributing head and tip detaching 
5 stage of a distribution apparatus in the exemplary embodiment 2 of the 
present invention. Fig. 12 is a block diagram showing the configuration of a 
control system of the distribution apparatus in the exemplary embodiment 2 of 
the present invention. Fig. 13 is a functional block diagram showing the 
distribution tip detaching function of the distribution apparatus in the 

10 exemplary embodiment 2 of the present invention. Fig. 14 and Fig. 15 are the 
explanatory diagrams of the distribution tip detaching operation in the 
exemplary embodiment 2 of the present invention. 

The exemplary embodiment 2 is configured in that the stop member 21 is 
moved down instead of moving up the distributing head 10 in the tip detaching 

15 operation for detaching the distribution tips 7 by using similar detaching plate 
20 from the distributing head 10 having a similar configuration as in the 
exemplary embodiment 1. 

In Fig. 11, the tip detaching stage 3 is furnished with ejection port 3a and 
stop member 21 the same as in the exemplary embodiment 1. And in the 

20 present exemplary embodiment 2, the tip detaching stage 3 is provided with 
detaching mechanism 34 which detaches the distribution tips 7 by means of 
the detaching plate 20 by lowering the stop member 21. The detaching 
mechanism 34 is configured in that the stop member 21 is connected to the rod 
35a of cylinder 35 via connecting member 36, and the stop member 21 is 

25 moved up and down by protruding and retreating the rod 35a of the cylinder 
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35. The cylinder 35 serves as a stop member up-and-down moving means 
which moves up and down the stop member 21. 

Fig. 12 shows the configuration of a control system of the distribution 
apparatus, having the detaching mechanism 34 to be controlled by the control 
5 section 30 in addition to the configuration shown in Fig. 5. Fig. 13 shows the 
distribution tip detaching function, where the functions of releasing operation 
processor 31 and fitting operation processor 32 are same as in the exemplary 
embodiment 1. And the detaching operation processing is executed as the 
detaching mechanism 34 is controlled by the detaching operation processor 
10 33A. 

Fig. 14 shows the fitting operation executed as the distributing head X 
shaft 11, distributing head Y shaft 12, and distributing head Z shaft 22 are 
controlled by the fitting operation processor 32 the same as in Fig. 7. Here, 
the stopping portion 20b of the detaching plate 20 is moved to underneath the 
15 stop portion 21b of the stop member 21 as a result of fitting operation the same 
as in Fig. 7. 

Fig. 15 shows the detaching operation executed as the detaching 
mechanism 34 is controlled by the detaching operation processor 33A. That is, 
the rod 35a of the cylinder 35 is protruded, from the fitted state shown in Fig. 

20 14, and the stop member 21 is lowered against the distributing head 10. Due 
to the lowering operation, the detaching plate 20 fitted in the stop member 21 
is released from a state of being held by the magnet 19 and is also lowered as 
the stopping portion 20b is pushed down by the stop portion 21b. Thus, the 
distribution tips 7 are detached from the bottom ends of the nozzles 18. In the 

25 above configuration, the cylinder 35 being a stop member up-and-down moving 
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means serves as a distribution tip detaching means which detaches the 
distribution tips 7 from the nozzles 18 by means of the detaching plate 20. 

As described in the exemplary embodiments 1 and 2, the distribution tip 
detaching method in the distribution apparatus of the present invention is 
5 such that the detaching plate 20 configured as described above is held to the 
distributing head 10 and, in the tip detaching operation, the detaching plate 
20 is relatively moved in a direction of vertically moving apart against the 
distributing head 10 by using the stop member 21. In this way, the 
distribution tips 7 are detached from the nozzles 18 all together only by a 

10 simple operation. Moreover, it is not necessary to provide the distributing 
head with any special driving means for moving up and down the detaching 
plate 20 against the distributing head 10. Accordingly, in the distribution tip 
detaching operation to be executed very frequently, the distribution tip 
detaching operation can be automated by using a simple mechanism and it 

15 becomes possible to enhance the efficiency of the distributing operation. 

According to the present invention, the detaching plate provided with 
openings being larger in diameter than outer diameter of the nozzle and being 
smaller in diameter than outer diameter than the distribution tip which are 
disposed in accordance with the arrangement of the nozzles is held to the 

20 distributing head with the nozzles set through the openings, and the stopping 
portion of the detaching plate is stopped by the stop portion of the stop 
member disposed at the tip detaching stage, while the distributing head and 
the stop member are relatively moved in a direction of vertically moving apart 
so as to detach the distribution tip from the bottom end of the nozzle, and 

25 thereby, the distribution tip detaching operation can be automatically 



performed by a simple mechanism. 
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